The effects of an acid-stable protease (RONOZYME ProAct) supplemented to a corn (Zea mays)-soybean (Glycine max) meal-based diet on apparent ileal digestibility (AID) of nutrients were evaluated in 120 weaned piglets (28 d old; 8.17 ± 0.90 kg). Pigs were divided into 2 equal groups and had free access to mash diet containing 0.4% Cr 2 O 3 as indigestible marker [basal diet (Std)] or this diet supplemented with RONOZYME ProAct at 15,000 PROT [the amount of enzyme that releases 1 μmol of p-nitroaniline from 1 μM of substrate (Suc-Ala-AlaPro-Phe-p-nitroaniline) per min at pH 9.0 and 37°C)/ kg (ProA). The ileal content was collected for the digestibility determination after euthanasia of 35 piglets of each group after 14 d of study and 25 piglets of each group after 29 d. Compared to group Std, AID of CP was increased (P < 0.05) after 29 d of treatment in group ProA. The AID of the indispensable AA, Met + Cys, and branched-chain AA was increased (P < 0
INTRODUCTION
Exogenous feed enzymes of microbial origin, such as phytases and carbohydrases, are widely used in livestock diets. Positive effects of proteases, generally in enzyme cocktails, have been reported in several animal species (O'Doherty and Forde, 1999) . The development of an effective protease may reduce production costs for farmers by increasing feed effi ciency and will also reduce the N content in manure. Recently, a novel serine protease expressed in Bacillus licheniformis was introduced for broilers (Fru-Nji et al., 2011) . Therefore, and to extend application of this protease to other species, we studied effects of this novel protease on apparent ileal digestibility (AID) of nutrients in weanling pigs.
MATERIALS AND METHODS

Animals, Housing, and Experimental Design
In total, 120 weaned piglets (28 d old; Redon × Large White) with an initial BW of 8.17 ± 0.90 kg were randomly allotted to 2 equal groups of 60 piglets. Pigs were housed in an environmentally controlled room for each group in subgroups of 12 pens of 5 animals. Each cage had a plastic-coated welded wire fl oor and was equipped with 2 water nipples and 2 stainless-steel feeders. Room temperature was initially 27°C and was lowered weekly by 2°C to 21 to 22°C. Air humidity was 50%.
Diet, Test Compound, and Feeding
The diet used was formulated to meet the nutrient requirements of pigs (NRC, 1998) . Pigs were fed for 29 d the basal diet (Std; Table 1) or the basal diet with RONOZYME ProAct (DSM, Kaiseraugst, Switzerland) added at 15,000 PROT/kg (ProA. One PROT is defi ned as the amount of enzyme that releases 1 μmol of p-nitroaniline from 1 μM of substrate (SucAla-Ala-Pro-Phe-p-nitroaniline) per min at pH 9.0 and 37°C. The enzyme is a granulated serine protease with a measured activity of 79,194 PROT/g and produced by submerged fermentation of Bacillus licheniformis. Diets were distributed ad libitum in a mash form, and the indigestible marker Cr 2 O 3 was added at 0.4% to measure AID of nutrients.
Data Recording and Sample Collection
Health status was monitored daily, and BW and feed consumption were registered throughout the study. For the individual AID determinations, the distal ileal digesta (2 to 3 m before cecum) was sampled after euthanasia in 35 pigs from each group on day 14 and in 25 pigs from each group on day 29. Immediately after sampling, the collected digesta were weighed and frozen at -80°C. Before analysis, samples were freeze-dried and grounded into a fi ne powder. 
Chemical Analyses
Calculations and Statistical Analyses
Statistical analyses were performed using the StatGraphics Centurion XVI statistical software package (Manugistics, Rockville, MD). Data were analyzed by ANOVA and Student t test. Pig was the experimental unit. Pig and diet were used as class variables. In all instances, differences were reported as signifi cant at P < 0.05.
RESULTS AND DISCUSSION
The analyzed protease activity in the supplemented diet was close to the planned inclusion level and was under the detection limit in the Std (Table 1) . In both groups, piglets remained healthy throughout the experiment, 1 Std = basal diet, without protease supplementation. The basal diet was analyzed to contain 19.22% CP, 2.98% crude fat, 5.36% ash, 1.16% Lys, 0.57% Thr, and 0.55% Met + Cys. The calculated DE content was 13.09 MJ/ kg and protease activity was not detected.
2 By supplementing the basal diet with 15,000 PROT (the amount of enzyme that releases 1 μmol of p-nitroaniline from 1 μM of substrate (SucAla-Ala-Pro-Phe-p-nitroaniline) per min at pH 9.0 and 37°C)/kg protease, diet ProA was processed to contain a Ronozyme ProAct activity of 16,050 PROT/kg.
3 Premix provided per kilogram of diet: 20,000 IU vitamin A, 2,000 IU vitamin D3, 100 mg vitamin E, 1.3 mg thiamin, 3.5 mg ribofl avin, 0.07 mg vitamin B 12 , 8 mg vitamin B6, 40 mg calcium pantothenate, 15 mg nicotinic acid, 2.4 mg folic acid, 4 mg vitamin K 3 , 80 mg Fe, 50 mg Cu, 100 mg Zn, 60 mg Mn, 0.95 mg I, 0.40 mg Se, 5.9 g Ca, 2.9 g P, 4.0 g L-Lys, 1.8 g DL-Met, 0.8 g L-Thr, and 0.2 g L-Trp. Within a row, means without a common superscript differ (P < 0.05). 1 Indisp. AA = indispensable AA; BCAA = branched-chain AA. 2 Std = fed basal diet without protease supplementation. 3 ProA = piglet group fed the basal diet supplemented with 15,000 PROT (the amount of enzyme that releases 1 μmol of p-nitroaniline from 1 μM of substrate (Suc-Ala-Ala-Pro-Phe-p-nitroaniline) per min at pH 9.0 and 37°C)/kg protease. readily consumed their diets, and presented similar growth (data not shown). The enzyme did not improve the AID during the fi rst period of the experiment (Table  2 ). In the second period, the AID of the indispensable AA Arg, His, Ile, Lys, Phe, Thr, and Val was increased (P < 0.05) in the protease supplemented animals by 3. 7, 6.8, 7.8, 4.0, 4.5, 7.4 , and 8.8%, respectively. In the same piglet group, the AID of the dispensable AA Asp + Asn, Glu + Gln, and Tyr was increased (P < 0.05) by 6.4, 6.3, and 5.4, respectively. Consequently, the AID of total indispensable AA, branched-chain AA, and CP was improved (P < 0.05) by 5.3, 6.9, and 5.8%, respectively. The AID of the sum of the individual AA and AID of energy was not modifi ed by protease supplementation.
Single exogenous protease application in swine is relatively new. For poultry, some controversial effects on digestibility and performance have been reported (Caine et al., 1997; O'Doherty and Forde, 1999; Wang et al., 2011) . In the present study, the lack of effect of the supplemented protease at the end of the fi rst period corresponded to the postweaning phase with pancreatic protease secretions in an exponential phase (Rantzer et al., 1997) . The activity of supplemented protease might be down-regulated by the endogenous enzyme metabolism. In the second period when pancreatic enzyme secretions are well regulated, supplemental protease could improve hydrolysis of proteins such as those from soybean meal that are less degraded by the pancreatic protease. The results of the present are a fi rst estimate of potential benefi ts of using a protease as single feed enzyme for piglet production. Illustrated by the improved protein digestibility, protease may contribute to reduce N emissions from livestock production.
